The cytopathology for rat neuroblastoma cells (B-103) and the pathogenicity for B6C3F1 mice of four species of Naegleria have been compared. Both live amoebae and cell-free extracts of N. australiensis, N. fowleri, N. gruberi, and N. lovaniensis added to 5tCr-labeled B-103 cells caused release of radiolabel. All four species of Naegleria exhibited surface extensions termed food cups. Only N. fowleri and N. australiensis were pathogenic for mice. Electron microscopic observations of cultures of either N. australiensis or N. lovaniensis with B-103 cells established that the cytopathology involved lysis of the B-103 target cells.
The factors associated with pathogenicity of Naegleria fowleri, the etiologic agent of primary amoebic meningoencephalitis, are not well understood. Characteristics of N. fowleri such as ability to grow above 37°C, growth phase of the amoebae, and means of evasion of the immune system have been proposed to be determinants of pathogenesis (14, 18) . Other factors such as differences in cytolytic enzyme activity (3, 5, 22) and increased levels of sphingomyelinase activity (13) have been suggested as possible virulence factors. In the present investigation we have examined a number of properties of four species of Naegleria in an attempt to gain insight into the determinants responsible for disease production; these include cytopathogenicity in vitro of live amoebae and amoebic lysate and the presence of food cups on the surface of amoebae. The four species of The LEE strain of N. fowleri (ATCC 30894) was initially grown at 37°C axenically in Nelson medium in 75-cm2 plastic culture flasks (Falcon Plastics, Oxnard, Calif.) as previously described (9) . N. australiensis PP397 (ATCC 30958) (6) , N. lovaniensis (Aq/9/1/45D) (20) , and N. gruberi EGB (19) were initially grown in Balamuth medium supplemented with 2% calf serum (GIBCO Laboratories, Grand Island, N.Y.) and 0.2% hemin (Sigma Chemical Co., St. Louis, Mo.) in 75-cm2 plastic culture flasks (Falcon Plastics). N. australiensis and N. lovaniensis were grown at 37°C. N. gruberi was grown at 30°C. Cytopathogenicity (18) and pathogenicity studies were performed using Naegleria grown in an equal mixture of Nelson medium and Balamuth medium (4) . Transmission (18) and scanning (17) electron microscopy of amoebae cultures was conducted on amoebae grown in the Nelson- Naegleria investigated were N. fowleri, N. australiensis, N. lovaniensis, and N. gruberi. N. fowleri is thermophilic, pathogenic for humans and experimental animals, and cytopathic for cultured mammalian cells (2, 18, 21) . N. australiensis, originally isolated from flood waters in Australia, reportedly exhibits low to moderate pathogenicity for mice, is antigenically and biochemically distinct from N. fowleri (6) (7) (8) , and is cytopathic for cultured cells. N. lovaniensis, another environmental isolate, is thermotolerant and somewhat related to N. fowleri antigenically, but is not pathogenic for mice (20) . Finally, N. gruberi is mesophilic, is not pathogenic for mice, but is cytopathic for cultured mammalian cells (16 In the present study, N. australiensis PP397 was weakly pathogenic for mice. One of the eight animals died, and one of eight animals was sick but recovered during the 21-day observation period after intracranial inoculation of 5,000 amoebae. In a second group of mice inoculated intracranially with 2 x 106 amoebae, two of eight animals died. Previous workers have reported that N. australiensis is weakly to moderately pathogenic for mice (6) (7) (8) . There are several factors which may contribute to differences in mice mortality studies: (i) mouse strain, (ii) mouse age, (iii) sex, (iv) growth phase of the amoebae at the time of inoculation, (v) the amoebae growth medium, and (vi) axenic versus monoaxenic cultivation of the amoebae. Previous workers have used weanling male NMRI mice. Both age and strain are known to be important variables in susceptibility to Naegleria infections (14) . DeJonckheere et al. (8) reported that intranasal inoculation of mice with N. australiensis PP397 grown in monoaxenic culture with Escherichia coli resulted in four deaths of five mice, whereas inoculation of the same amoebae grown in the absence of bacteria failed to kill mice. These investigators also reported that N. australiensis PP397 axenically grown in SCGYEM medium produced 60% mortality, whereas amoebae grown in YPNFS medium did not cause deaths after intracranial inoculation of amoebae (8) . The growth medium may affect the pathogenicity of N. australiensis. Previous studies in our laboratory demonstrated that N. fowleri grown in Balamuth medium or Nelson medium killed mice challenged intranasally and that N. gruberi grown in either Balamuth or Nelson medium was not pathogenic for mice (4) . Composition of growth medium was not a determinative variable in our studies because all four strains were cultivated in the same medium.
Cultures of amoebae were examined by scanning electron microscopy to determine whether cytoplasmic extensions, termed food cups, were present on the surface of trophozoites. Food cups (one to five in number) were detected on axenically cultured N.fowleri LEE (Fig. 1A) . N. australiensis also exhibited food cups (one to three in number) (Fig. 1B) . An occasional N. gruberi (Fig. 1C) and N. lovaniensis (Fig. 1D) (Fig. 2) .
The amoebae of N. australiensis and N. lovaniensis became attached to the neuroblastoma cells within 1 h at 37°C. The plasma membrane and cytoplasm of a target cell were damaged in the proximity of the amoebae. The endoplasmic reticulum of the nerve cells was dilated and round. The target cells in contact with amoebae were lysed as early as 6 h after cocultivation. The prominent feature of the cytopathic action of N. australiensis and N. lovaniensis on neuroblastoma cells was lysis of the target nerve cell (Fig. 2) .
The nucleus of the target cell remained intact. The amoebae appeared to ingest the target cell debris by phagocytosis or to draw in lysed target cell material.
N.fowleri, unlike N. australiensis, destroys target cells by trogocytosis, a process of piecemeal ingestion of target cells by food cups (1, 17) . This may suggest that the cytoplasmic extensions termed food cups on N. australiensis and N. lovaniensis may play a role in attachment of amoebae to substrates in addition to being used for ingestion of particulate material. Alternatively, cytolytic substances may be released at the attachment site between food cups and target cells. Target cells were lysed by N. australiensis and N.
lovaniensis within 6 h. This mechanism of target cell injury more closely resembles that caused by N. gruberi, a nonpathogenic amoeba which lyses target cells on contact (16) , than that caused by N. fowleri (18) . Release of 51Cr from labeled nerve cells confirmed early damage of target cells by N. australiensis and N. lovaniensis. The ability to kill cells in vitro, growth at 37°C, and the presence of food cups on the amoeba surface do not appear to be the determinative factors involved in the ability of Naegleria to cause disease. Pathogenicity in Naegleria, as in E. histolytica, appears to be complex and involves more than one substance or mechanism (10) .
